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NATIONAL FOREWORD 

This Indian Standard which is identical with lEC 60336 : 2005 'Medical electrical equipment — X-ray tube 
assemblies for medical diagnosis — Characteristics of focal spots' issued by the International Electrotechnical 
Commission (lEC) was adopted by the Bureau of Indian Standards on the recommendation of the Ionizing 
Radiation Imaging and Radiotherapy Equipment Sectional Committee and approval of the Medical Equipment 
and Hospital Planning Division Council. 

This standard was first published in 1986 as IS 12024 based on lEC 60336 : 1993. lEC 60336 has been 
revised in 2005. This standard will supersede IS 1 2024 : 1 986 'Methods for determination of characteristics 
of focal spots diagnostic X-ray tube assemblies for medical use', and after the publication of this standard, 
IS 1 2024 : 1 986 shall be treated as withdrawn. 

The text of lEC Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is 
particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be read as 
'Indian Standard'. 

b) Comma (,) has been used as a decimal marker while in Indian Standards, the current practice is to 
use a point (.) as the decimal marker. 

In this adopted standard, reference appears to the following International Standard for which Indian Standard 
also exists. The corresponding Indian Standard which is to be substituted in its place is listed below along 
with its degree of equivalence for the edition indicated: 

International Standard Corresponding Indian Standard Degree of Equivalence 

lEC 788: 2004 Medical radiology — IS 13807 : 1994 Medical radiology — Technically Equivalent 
Terminology Terminology 

The technical committee has reviewed the provisions of the following International Standards referred in this 
adopted standard and has decided that they are acceptable for use in conjunction with this standard: 

International Standard Title 

lEC 6041 7-DB : 2002 Graphical symbols for use on equipment 

lEC 6061 3 : 1 989 Electrical, thermal and loading characteristics of rotating anode X-ray tubes for 

medical diagnosis 

Only the English language text of the International Standard has been retained while adopting it in this Indian 
Standard, and as such the page numbers given here are not the same as in the lEC publication. 

For the purpose of deciding whether a particular requirement of this standard is complied with the final value, 
observed or calculated, expressing the result of a test or analysis, shall be rounded off in accordance with 
IS 2 : 1 960 'Rules for rounding off numerical values (revised)'. The number of significant places retained in 
the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

MEDICAL ELECTRICAL EQUIPMENT — X-RAY TUBE 

ASSEMBLIES FOR MEDICAL DIAGNOSIS — 

CHARACTERISTICS OF FOCAL SPOTS 

1 Scope 

This International Standard applies to focal spots in medical diagnostic X-ray tube 
assemblies for medical use, operating at X-ray tube voltages up to and including 200 kV. 

This International Standard describes the test methods for evaluating focal spot character- 
istics and the means for indicating compliance. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

lEC 60417-DB:2002: Graphical symbols for use on equipment "i) 

lEC 60613, Electrical, thermal and loading characteristics of rotating anode X-ray tubes for 
medical diagnosis 

lEC 60788:2004, Medical electrical equipment - Glossary of defined terms 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in lEC 60788 together with 
the following apply. 

3.1 

STAR pattern RESOLUTION LIMIT 

characteristic of the focal spot of an X-ray tube; highest spatial frequency that can be 
resolved under specific measuring conditions 

4 Determinations for the evaluation of the focal spot characteristics 

4.1 Statement of the focal spot characteristics 

The FOCAL SPOT characteristics shall be stated for two normal directions of evaluation referred 
to as the length direction and width direction. An illustration for this clause can be found in 
Figure A.1. 

4.2 Longitudinal axis of the x-ray tube assembly 

Generally, the longitudinal axis can be identified unambiguously. If the X-ray tube assembly 
does not have an identifiable longitudinal axis or if it is specified otherwise by the 
manufacturer, the longitudinal axis shall be specified together with the focal spot 
characteristics. 



V "DB" refers to the lEC on-line database. 
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4.3 Reference axis of the x-ray tube assembly 

If not specified otinerwise, tine reference axis is normal to the longitudinal axis and intersects 
both the centre of the actual focal spot and the longitudinal axis of the X-ray tube 

ASSEMBLY. 

4.4 Direction of evaluation for the focal spot length 

The direction of evaluation for the focal spot length is normal to the reference axis in the 
plane given by the reference axis and the longitudinal axis of the x-ray tube assembly. 

4.5 Direction of evaluation for the focal spot width 

The direction of evaluation for the focal spot width is normal to the longitudinal axis of the x- 
RAY TUBE ASSEMBLY and normal to the reference axis. 

5 FOCAL SPOT camera set-up 

5.1 Overview 

This clause deals with the design requirements of a camera for the production of focal spot 
SLIT RADIOGRAMS to be used for the determination of focal spot dimensions in accordance 
with Clause 8, and the determination of the modulation transfer function in accordance with 
Clause 9. 

This clause deals also with the design requirements of a camera for the production of focal 
SPOT pinhole radiograms. 

5.2 Test equipment 

5.2.1 Slit CAMERA 

The diaphragm of the slit camera shall be made from materials with high attenuation 
properties and shall have dimensions as given in Figure 1. 

Suitable materials are for example: 

- tungsten; 

- tantalum; 

- alloy of gold and 10 % platinum; 

- alloy of tungsten and 10 % rhenium; 

- alloy of platinum and 10 % iridium; 
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Dimensions in millimetres 
Not drawn to scale 



Axis of symmetry 




0,002 



// 0,002 



Figure 1 - Essential dimensions of the slit diaphragm 
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5.2.2 



Pinhole camera 



The diaphragm of the pinhole camera shall be constructed from materials with high 
ATTENUATION and shall have dimensions as given In Figure 2. 

Suitable materials are for example: 

- tungsten; 

- tantalum; 

- alloy of gold and 10 % platinum; 

- alloy of tungsten and 10 % rhenium; 

- alloy of platinum and 10 % Iridium. 

Dimensions in millimetres 
Not drawn to scale 
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Figure 2 - Essential dimensions of tlie pinhole diaphragm 

5.2.3 Radiographic film 

Focal spot slit radiograms or focal spot pinhole radiograms shall be made using fine- 
grain radiographic film, for example dental radiographic film, without intensifying screens. 

5.3 Test arrangement 

5.3.1 Position of the slit or pinhole diaphragm normal to the reference axis 

The silt or pinhole diaphragm shall be positioned in such a way that the distance from its 
centre to the reference axis is within 0,2 mm per 100 mm of m (as indicated in Figure 3). 
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Effective focal spot 




Reference plane 



Incident face of the slit 
or pinhole diaphragm 



Image reception plane 



Figure 3 - Position of the centre of tlie slit or pinliole diapliragm (marlced as x 
in thie figure) with respect to the reference axis 



5.3.2 Position of the slit or pinhole diaphragm along the reference axis 

The incident face of tine slit or pininole diapliragm shall be placed at a distance from the 
REFERENCE PLANE sufficient to ensure that the variation of the enlargement over the extension 
of the ACTUAL FOCAL SPOT does not exceed ± 5 % along the reference axis (see Figure 4). 
This is met when 

p < 5 mm and k < 5 mm per 100 mm of distance m; 

where 

k is the distance from the reference plane to the edge of the actual focal spot farthest 
away from the slit or pinhole diaphragm; 

p is the distance from the reference plane to the edge of the actual focal spot closest to 
the slit or pinhole diaphragm; 

m is the distance from the reference plane to the incident face of the diaphragm; 

n is the distance from the incident face of the diaphragm to the image reception plane; 

E is the enlargement given by n/m . 

The distance from the focal spot to the slit or pinhole diaphragm shall not be less than 
100 mm. 
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Effective focal spot 




Reference plane 



Incident face of the slit 
or pinhole diaphragm 



Image reception plane 



Figure 4 - Reference dimensions and planes 

5.3.3 Orientation of the slit or pinhole diaphragm 

The axis of symmetry (see Figures 1 and 2) sinaii be aiigned with the reference axis forming 
an angie that is smaiier than 1° . 

For the production of a pair of focal spot slit radiograms, the siit diaphragm shaii be 
orientated such that the iength of the siit is normai to the direction of evaiuation within ±1°. 

5.3.4 Position of the radiographic film 

The radiographic film shouid be piaced in the image reception plane normai to the 
REFERENCE AXIS within ±1° and at a distance from the incident face of the siit or pinhoie 
diaphragm determined from the appropriate eniargement according to Tabie 1. The 
eniargement E shaii be determined with an accuracy to within ±3 %. 
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Table 1 - Enlargement for focal spot radiograms 



Nominal focal spot value (f) ^ 


Enlargement 
{E= n 1 m)^ 


f< 0,4 


E> 3 


0,4 < f< 1,1 


E> 2 


1,1 <f 


£> 1 


^ See 8.3. 
See Figure 4. 



5.4 Total uncertainty of the camera set-up 

The uncertainty in tine focal spot measurement contributed by tine set-up of tine focal spot 
camera sinall not exceed ±5 %. 

6 Production of radiograms 

6.1 Overview 

Tlnis clause deals with production of focal spot slit radiograms and focal spot pinhole 

RADIOGRAMS. 

A method of indicating compliance with this standard of focal spot slit radiograms and 

FOCAL SPOT pinhole RADIOGRAMS is included. 

6.2 Operating conditions 

6.2.1 Focal spot slit radiograms and focal spot pinhole radiograms 

Focal spot slit radiograms and focal spot pinhole radiograms shall be produced using a 
FOCAL SPOT camera according to Clause 5. Requirements for determining focal spot 
dimensions from focal spot slit radiograms are described in Clause 8; requirements for 
determining the modulation transfer function are described in Clause 9. 

Focal spot pinhole radiograms are used only for showing the orientation, the symmetry and 
the distribution of radiant intensity over the focal spot. 

6.2.2 X-RAY tube ASSEMBLY 

The X-RAY TUBE shall be installed in an X-ray tube housing of the type for which it is 
specified for normal use or it shall be placed under equivalent mounting and operating 
conditions as far as these can influence the results of the test. 

No ADDITIONAL FILTRATION shall be used to decrease the X-ray output flux unless it is verified 
that the additional filtration has no significant effect on the line spread function. 
However, all the materials belonging to the X-ray tube assembly in normal use shall be 
installed. 



6.2.3 Loading factors 

Focal spot slit radiograms or focal spot pinhole radiograms for X-ray tube assemblies 
used in projection radiography or in computed tomography shall be obtained with constant 
loading factors in accordance with Table 2. 
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For ROTATING ANODE X-RAY TUBES, the ANODE shall be rotated at the highest anode speed 
specified in the applicable radiographic ratings. 

Table 2 - Loading factors 





NOMINAL X-RAY 
TUBE VOLTAGE 

kV 


Required X-ray tube 

VOLTAGE 


Exposure time 


Required X-ray 
TUBE power 


RADIOGRAPHY 

Other than 

COMPUTED 
TOMOGRAPHY 


U<75 


Nominal x-ray tube 

VOLTAGE 


As required to meet the 
optical density 
requirement, see 6.3.3 


50 % of the 

NOMINAL ANODE 
INPUT POWER as 

specified by 
lEC 60613 


75 < C/< 150 


75 kV 


150 < U< 200 


50 % of the NOMINAL 
X-RAY TUBE VOLTAGE 


Computed tomography 


120 kV 



6.2.4 Special loading factors 

If the loading factors according to Table 2 do not fall within the radiographic ratings for 
the X-RAY TUBE concerned or if they otherwise do not cover the typical special applications of 
specified normal use of the X-ray tube, loading factors shall be chosen to correspond to 
those specific conditions. In this case, the loading factors under which the focal spot slit 
RADIOGRAMS or FOCAL SPOT PINHOLE RADIOGRAMS were obtained shall be stated together with 
the characteristics. 

In particular cases, it may be appropriate to state the characteristics of a focal spot under 
multiple LOADING conditions. 

6.2.5 Special arrangements 

If, for the purpose of production of suitable focal spot radiograms, special arrangements 
were made for the adjustment and alignment of either the slit camera and X-ray tube 
ASSEMBLY or if special electrical or loading conditions prevailed, details shall be stated 
together with the characteristics in the statement of compliance. 

6.3 Production of focal spot slit radiograms or focal spot pinhole radiograms 

6.3.1 Production of focal spot slit radiograms 

A pair of FOCAL spot slit radiograms shall be made with the operating conditions described 
in 6.2. 

6.3.2 Production of focal spot pinhole radiograms 

focal spot pinhole radiograms shall be made with the operating conditions described in 6.2. 



6.3.3 Radiographic film exposure 

The radiographic film shall be exposed so that, after development, a local diffuse density 
between 1,0 and 1,4 is obtained in areas of greatest blackening. The blackening of the film 
due to fog and base shall not exceed a diffuse density of 0,25. 
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6.4 Statement of compliance 

If compliance with this standard Is to be stated for a pair of focal spot slit radiograms or for 
a FOCAL SPOT PINHOLE RADIOGRAM, It shall be Stated as follows: 

Focal spot slit radiogram with enlargement of. ...2) according to lEC 60336 or focal spot 
PINHOLE radiogram with enlargement of ...3) according to lEC 60336 

and as appropriate: Subclause 

reference AXIS 4.3 

LOADING FACTORS 6.2.3 

Special arrangements 6.2.5 

Description of the longitudinal axis of the X-ray tube assembly 4.2 



7 Determination of the line spread function 

7.1 Overview 

This clause deals with the determination of a pair of line spread functions to be used for the 
determination of focal spot dimensions In accordance with Clause 8 and the determination of 
the MODULATION TRANSFER FUNCTION In accordance with Clause 9. These line spread 
functions shall be deduced from focal spot slit radiograms. 

A method of Indicating compliance with this standard of a pair of line spread functions is 
Included. 

7.2 Measuring equipment and measuring arrangement 

The FOCAL SPOT SLIT RADIOGRAMS obtained In accordance with Clause 5 and Clause 6 shall be 
scanned by means of an optical densitometer. The aperture of the optical densitometer shall 
have a width b not exceeding the width of the slit diaphragm used for the production of the 

FOCAL SPOT SLIT RADIOGRAMS. 

The length of the aperture of the optical densitometer shall be limited, so that It can be 
aligned with the direction of the diaphragm slit projected on the radiogram in such a way that 
the effective width bgff of the optical densitometer aperture normal to the direction of the 
projected diaphragm slit will be smaller than twice the width b of the optical densitometer 
aperture, as shown in Figure 5. 



^) Enlargement used and determined In accordance with Clause 5. 
^' Enlargement used and determined in accordance with Clause 5. 
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Longitudinal direction of the 
diaphragm slit projected 

on the RADIOGRAM 



Direction of the optical 
densitometer aperture 



> Scanning direction 

beff < 2b 
Figure 5 - Alignment of tlie optical densitometer slit 

7.3 Measurement of the density distribution 

The density distribution of eacin focal spot slit radiogram sinaii be scanned normai to its 
iongitudinal direction at tine centre Inaif of its iengtin. Tine scanning direction shall be aligned 
normal to the direction of the diaphragm slit to within ±2°. 

The total range scanned divided by the enlargement E used to acquire the focal spot slit 
radiogram shall be at least four times the maximum allowed value relating to the claimed 

NOMINAL FOCAL SPOT VALUE. 

The results of this measurement shall be presented as a curve showing density over the width 
of the radiogram. 

7.4 Determination of the line spread function 

The values of density above base and fog shall be transformed into a curve showing the 
linear distribution over the width of the radiogram of the radiant intensity, by means of a 
densitometric curve showing the relation between radiant intensity and density. 

The densitometric curve shall be established using an identical radiographic film processed 
under the same conditions as those used for the focal spot slit radiogram. 

The LINE SPREAD FUNCTION shall be deduced from the curve showing the linear distribution of 
the radiant intensity over the width of the radiogram, where the axis values in the scanning 
direction are divided by the enlargement E used to acquire the focal spot slit radiogram. 

7.5 Statement of compliance 

If compliance with this standard for a line spread function is to be stated, this shall be done 
as follows: 



10 
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Line spread function according to lEC 60336 
and as appropriate: 

REFERENCE AXIS 
LOADING FACTORS 

Speclai arrangements 

Description of tine longitudinai axis of tine X-ray tube assembly 



Subclause 

4.3 
6.2.3 
6.2.5 
4.2 



8 Determination of focal spot dimensions 

8.1 Overview 

TInis ciause deais witin tine determination of the focal spot dimensions on the basis of a pair 
of LINE SPREAD FUNCTIONS. These functions shaii be obtained from a pair of focal spot slit 
RADIOGRAMS as described in Ciause 6. 

Criteria for compliance with this standard and the method of indicating nominal focal spot 
VALUES in compliance with this standard are included. 

8.2 Measurement and determination 

The actual dimension of the focal spot shaii be determined as the size of the related line 
SPREAD FUNCTION according to Ciause 7 measured at 15 % of the peak value, as shown in 
Figure 6. 



100% 



80 %- 



an 



60 %■ 



40 %- 



20 % 




At 15 % actual dimension 



Linear distribution 



Figure 6 - line spread function 
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8.3 Specified nominal focal spot values 

8.3.1 Nominal values 

The FOCAL SPOTS of each type of X-ray tube assembly, nominal focal spot values shall be 
assigned, being the numbers 

- from 0,1 to 0,25 in steps of 0,05, 

- from 0,3 to 2,0 in steps of 0,1 , and 

- from 2,2 and upwards in steps of 0,2. 

The FOCAL SPOTS of X-RAY TUBE assemblies specified for special applications (such as for CT) 
shall be stated in nominal focal spot values consisting of a pair of numbers, for example 
1,0 X 1,6, where the first number refers to the width of the effective focal spot in the 
direction normal to the reference axis or the axis of the X-ray tube assembly, and the 
second to the length of the effective focal spot in the direction parallel to that axis. This 
pair of values shall be stated in the same steps as given above. 

8.3.2 Actual values 

The nominal focal spot value shall be related to the dimensions in the two directions of 
evaluation over the focal spot so that the actual values for the width and the length of the 
FOCAL SPOT determined in accordance with 8.2 are smaller than the maximum permissible 
values for width and length given in Table 3. 

Each number of a pair of focal spot values for special applications such as for CT shall be 
related to the nominal focal spot value in Table 3 using the column of maximum permissible 
values for width only. 

For these determinations, no correction is required for measurement errors. 



12 



IS/IEC 60336 : 2005 



Table 3 - Maximum permissible values of focal spot dimensions 

for NOMINAL FOCAL SPOT VALUES 



NOMINAL FOCAL SPOT 
VALUE 


FOCAL SPOT dimensions, 
IVIaximum permissible values 

mm 


f 


Width 


Length 


0,1 


0,15 


0,15 


0,15 


0,23 


0,23 


0,2 


0,30 


0,30 


0,25 


0,38 


0,38 


0,3 


0,45 


0,65 


0,4 


0,60 


0,85 


0,5 


0,75 


1,10 


0,6 


0,90 


1,30 


0,7 


1,10 


1,50 


0,8 


1,20 


1,60 


0,9 


1,30 


1,80 


1,0 


1,40 


2,00 


1,1 


1,50 


2,20 


1,2 


1,70 


2,40 


1,3 


1,80 


2,60 


1,4 


1,90 


2,80 


1,5 


2,00 


3,00 


1,6 


2,10 


3,10 


1,7 


2,20 


3,20 


1,8 


2,30 


3,30 


1,9 


2,40 


3,50 


2,0 


2,60 


3,70 


2,2 


2,90 


4,00 


2.4 


3,10 


4,40 


2,6 


3,40 


4,80 


2,8 


3,60 


5,20 


3,0 


3,90 


5,60 


NOTE For nominal focal spot values 0,3 to 3,0, the maximum 
permissible values for the length have been adjusted with the factor 0,7 
(see Annex C). 
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8.4 Statement of compliance 

If compliance with this standard for one or more nominal focal spot values Is to be stated, 
this shall be done: 

as plain numbers (no units to be quoted), for example: 

Nominal focal spot value 0,6 in accordance with lEC 60336 Ed. 4. 

or as a pair of plain numbers for special application X-ray tube assemblies (see 8.3.1 ), no 

units to be quoted, for example: 

Nominal focal spot values 1 ,0 x 0,6 in accordance with lEC 60336 Ed. 4. 



and as appropriate: 

reference AXIS 
loading FACTORS 

Special arrangements 

Description of the longitudinal axis of the X-ray tube assembly 



Subclause 

4.3 
6.2.3 
6.2.5 
4.2 



8.5 Marking of compliance 

If compliance with this standard for one or more specified nominal focal spot values is to be 
marked on X-ray tube assemblies, or otherwise to be stated in a shortened form, this shall be 
done as follows, using graphical symbols of lEC 60417, for example: 



Symbol lEC 60417-5325 
(DB:2002-10) 




0,6 lEC 60336 



Symbol lEC 60417-5326 
(DB:2002-10) 




1,0 X 1,6 lEC 60336 



Symbol lEC 60417-5327 
(DB:2002-10) 




1,8 X 1,2 lEC 60336 



9 Determination of the modulation transfer function 

9.1 Overview 

This clause deals with the determination of the one-dimensional modulation transfer 
FUNCTIONS belonging to the focal spot of an X-ray tube assembly on the basis of a pair of 

LINE SPREAD FUNCTIONS. 

Criteria for compliance with this standard and a method of indicating modulation transfer 
functions in compliance with this standard are included. 

9.2 Specified modulation transfer function 

If the statement of the modulation transfer function is required, a pair of one-dimensional 
modulation transfer functions of the geometry of each focal spot shall be specified for each 
type of X-RAY TUBE assembly. 

If compliance for an individual X-ray tube assembly is to be stated with this standard, it shall 
be evaluated in accordance with 9.4. 
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9.3 Calculation of the modulation transfer function 

9.3.1 Calculation for the theoretical magnification approaching infinity 

The one-dimensional modulation transfer function of tine geometry of a focal spot sinaii 
be caicuiated by means of tine magnitude of tine Fourier transform. 

The input values for carrying out the Fourier transform shall be the digitised line spread 
FUNCTION obtained in Clause 7, which shall be scanned over a range of at least three times 
the focal spot size. The distance between the measurement points along the abscissa shall 
be chosen so that the extent and the structures of the linear distribution of radiant intensity 
over the focal spot will be taken into account, and a further reduction of the distance shall 
not result in a significant change in the stated values, i.e. the distance between measuring points 
is such that a further 50 % reduction of the distance does not change the reported MTF at any point by 
more than 5 %. 

NOTE In most cases, it is sufficient if the step between two measuring points divided by the enlargement (£) used 
to acquire the focal spot slit radiogram is less than 10 % of the related nominal focal spot value if this value 
is smaller than or equal to 0,15, and is less than 5 % of the related nominal focal spot value if this value is 
greater than 0,15. 

9.3.2 Calculation for the standard magnification 

The values of spatial frequency obtained in accordance with 9.3.1 shall be transformed in 
accordance with the formula: 

f, = fr M,/(M,-^) 

where 

Mg is the standard magnification given in Table 4; 

fg is the spatial frequency in the object plane determined by the standard magnification M^; 

fj is the spatial frequency obtained in accordance with 9.3.1. 

Table 4 - Standard magnifications for modulation transfer functions 



NOMINAL FOCAL SPOT VALUE 

f 


Standard magnification 
Ms 


f< 0,6 


2 


0,6 <f 


1,3 



NOTE In general the magnification M for any object is given by M = (n + m)lm (analogous to Figures 3 and 8). 

9.3.3 Calculation for finite magnification 

For the application of the modulation transfer function under practical radiological 
conditions, the values obtained in accordance with 9.3.2 or those given in accordance with 

9.3.4 are transformed in accordance with the formula: 



fp = f,-{(M,-V/MJ-{Mp/ (M^-^)} 



where 



fp is the spatial frequency in the image plane determined by the actual magnification; 
Mp is the actual magnification. 
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9.3.4 Presentation of the modulation transfer function 

The MODULATION transfer function shall be represented as a graph showing the magnitude 
of the Fourier transform at the standard magnification given In Table 4 as a function of spatial 
frequency. The graph shall use a linear scale for both axes of coordinates. The graph shall be 
normalized so that the magnitude of the Fourier transform Is 100 % at the spatial frequency 
zero. 

The modulation transfer function shall extend to the spatial frequencies for which the 
magnitude of Fourier transformation Is greater than 10 %. 

NOTE Generally, the modulation transfer function below 10 % is of little importance for practical applications. 

The pair of one-dlmenslonal modulation transfer functions of the geometry of the width and 
the length of one focal spot shall be presented In one graph, together with the nominal 
FOCAL SPOT VALUE in accordance with Clause 8 and the standard magnification in accordance 
with Table 4. 

9.4 Evaluation of compliance of the MTF 

Each one-dlmenslonal modulation transfer function of an individual focal spot at any 
spatial frequency shall coincide with, or be higher than, the specified modulation transfer 
FUNCTION of the X-RAY TUBE ASSEMBLY according to 9.2. 

9.5 Statement of compliance 

If compliance with this standard of a pair of modulation transfer functions Is to be stated, 
this shall be done In the following manner: 

Modulation transfer function for a nominal focal spot value of 0,6 and magnification of 
1,3 In accordance with lEC 60336 

and where appropriate: Subclause 

reference AXIS 4.3 

loading factors 6.2.3 

Special arrangements 6.2.5 

Description of the longitudinal axis of the X-ray tube assembly 4.2 



1 Focal spot star radiograms 

10.1 Overview 

This clause deals with the production of focal spot star radiograms as used for the 
determination of the star pattern resolution limit and blooming value of focal spots In 
accordance with Clause 1 1 and 12 respectively. 

A method of indicating compliance with this standard of a focal spot star radiogram Is 
Included. 
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10.2 Test equipment 

10.2.1 STAR PATTERN CAMERA 

FOCAL SPOT STAR RADIOGRAMS shall be obtained by means of a star pattern camera 
containing a test pattern, which consists of an array of alternating high and low absorbing 
wedges. The high absorbing wedges shall be made of lead or an equivalently absorbing 
material and shall have a thickness of 0,03 mm to 0,05 mm. 

All wedges shall have a vertex angle equal to or less than 0,035 rad (approximately 2 °). 

The active area of the test pattern shall cover 2 k rad and shall have a diameter of at least 
45 mm. 

The essential dimensions of the test pattern and its basic structure shall be in compliance 
with Figure 7. 




2° max. 



45 mm min. 



Figure 7 - Essential dimensions of tlie star test pattern 

10.2.2 Radiographic FILM 

Focal spot star radiograms shall be made using fine-grain radiographic film without 

INTENSIFYING SCREENS. 

10.2.3 Position of tlie star pattern camera normal to the reference axis 

The STAR PATTERN CAMERA shall be positioned in such a way that the distance from its centre 
to the REFERENCE AXIS is within 0,2 mm per 1 00 mm of m (as indicated in Figure 8). 
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Effective focal spot 



Reference AXIS 



00,4 per 
100 mm 



Reference plane 




Incident face of the slit 
or pinhole diaphragm 



Image reception plane 



Magnification = (n + m)lm 



Figure 8 - Essential dimensions of tlie star test pattern 

10.2.4 Position of the star pattern camera in reference direction 

The incident face of tine test pattern sinaii be piaced at a distance from tine focal spot 
aiiowing a magnification M' tinat tine dimensions Zy^ and Z^ (see Figure 9) measured in 
accordance witin 11.3 wiii be more tinan or, winere not practicable, as near as possible to one- 
third of the diameter of the image of the test pattern, but not less than 25 mm (see also 
10.2.6). 

10.2.5 Alignment of the star pattern camera 

The incident face of the test pattern shall be placed normal within ± 2 ° to the reference 
direction. 

10.2.6 Position of the radiographic film 

The radiographic filivi shall be placed normal to the reference direction within ± 2 ° at a 
distance from the incident face of the test pattern, which results in a magnification M' as 
determined from the expected star pattern resolution limit R in accordance with the 
formula: 

M'= R • Z ■ e 
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where 

M' is the magnification to be used; 

R is the expected star pattern resolution limit in iine pairs per miiiimetre; 

Z is the dimension in miiiimetres on the radiographic film of the outermost zone of minimal 
modulation in the direction Zyy or Z|_ as appropriate; 

9 is the vertex angie of the absorbing wedges in radians. 

10.2.7 Operating conditions 

The FOCAL spot star radiogram shaii be obtained under the operating conditions described 
in 6.2. 

10.2.8 Production of thie focal spot star radiogram 

The radiographic film of the star pattern camera shaii be exposed as described in 6.2. 

10.2.9 Statement of compliance 

If compliance with this standard for a focal spot star radiogram is to be stated, this shall be 
done together with the magnification determined in accordance with 11 .4.1 as follows: 

Focal spot star radiogram with magnification of ...4) in accordance with lEC 60336 5) 

and as appropriate: Subclause 

reference axis 4.3 

loading factors 6.2.3 

Special arrangements 6.2.5 

Description of the longitudinal axis of the X-ray tube assembly 4.2 

11 Star pattern resolution limit 

11.1 Overview 

This Clause deals with the determination of the star pattern resolution limit. 

The results of this method are useful to detect changes in the characteristics of a particular 
FOCAL SPOT over varying conditions of the X-ray tube load, or after extended use of the X- 

RAYTUBE. 

note The method described in Clause 10 gives unprecise results if the modulation transfer function does not 
contain a clearly defined minimum, as for example in cases where the radiant intensity has an approximately 
Gaussian distribution over the focal spot. 

1 1 .2 Specified star pattern resolution limit 

If a type-related star pattern resolution limit for the standard magnification given in 
Table 5 is established for a focal spot of an X-ray tube assembly, compliance with this 
standard of the star pattern resolution limit for an individual X-ray tube assembly shall be 
evaluated in accordance with 11.5. 



^) Magnification used. 

^' A reference to the second or third edition of lEC 60336 is technically equivalent to and in compliance with this 
fourth edition. 
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11.3 Measurement 

In FOCAL SPOT STAR RADIOGRAMS obtained in accordance witin Ciause 10, tine dimensions Z^ 
and Zl of the outermost zones of minimal modulation shall be measured in the two directions 
of evaluation (see Clause 4 and Figure 9). 

I Direction of the longitudinal axis 

T of the X-RAY TUBE ASSEMBLY 




Figure 9 - Illustration of the zones of minimum modulation 

1 1 .4 Determination of the star pattern resolution limit 

11.4.1 Determination of magnification 

The magnification M' used for the production of the focal spot star radiograms shall be 
determined with an accuracy within ± 3 %. 

11.4.2 Star pattern resolution limit for standard magnification 

The STAR pattern resolution limits, R|^s and i?^^, for the standard magnification given in 
Table 5 shall be determined from the formulae: 

/^ws = m'- V / fZw e)} ■ {Ms / (Ms - ^)} 
Rls = {(M' - V / (z^ en ■ {Ms / (Ms - V} 

where 

Ryys and Rls are the values for the two directions of evaluation In line pairs per millimetre; 

M' Is the magnification in accordance with 10.2.6; 

Ms Is the standard magnification according to Table 5; 

is the mean diameter of the outermost zone of minimal modulation measured in 
the direction parallel to the longitudinal axis of the X-ray tube assembly in 
millimetres; 

Is the mean diameter of the outermost zone of minimal modulation measured in 
the direction normal to the longitudinal axis of the X-ray tube assembly in 



-w 



Q 



millimetres; 

is the vertex angle of the absorbing wedges in radians. 
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Table 5 - Standard magnifications for star pattern resolution limit 



NOMINAL FOCAL SPOT VALUE (f) 


Standard magnification (Ms) 


f< 0,6 


2 


0,6 <f 


1,3 



1 1 .4.3 Star pattern resolution limit for finite magnification 

For the application of the star pattern resolution limit at an actuai magnification, the 
values Rvvs ^nd R^s obtained in accordance with 11.4.2, or those specified in accordance with 
11.2, can be transformed in accordance with the formulae: 

Ryyp = R^NS " {(Ms - V / M^} ■ {Mp / (Mp - ^)} 
/?LP = Ris ■ {(Ms -V/M^- {Mp / (Mp - 1)} 
where 

R\f\jp and f?Lp are the values for the actual magnification; 

/?^S ^'"d R]_s SI"® the values obtained according to 11.4.2 or specified in accordance with 
11.2; 



Ms 
Ma 



is the standard magnification; 
is the actual magnification. 



11.4.4 Presentation of star pattern resolution limit 

The STAR pattern resolution limit shall be given for the standard magnification in Table 5. 

11.5 Evaluation and statement of compliance 

11.5.1 Evaluation of compliance 

If, for a focal spot of an X-ray tube assembly, the star pattern resolution limit is to be 
stated, each value determined in accordance with 11.4.2 shall be equal to or greater than the 
specified value. 

11.5.2 Statement of compliance 

If compliance with this standard for a specified star pattern resolution limit is to be stated, 
this shall be indicated as follows: 

Star pattern resolution limit ... 6) ip/mm at standard magnification of ... 7) in accordance 
with lEC 60336 



and as appropriate: 

reference axis 

loading factors 

Special arrangements 

Description of the longitudinal axis of the X-ray tube assembly 



Subclause 

4.3 

6.2.3 

6.2.5 

4.2 



6) Numerical value 

^' Value of standard magnification in accordance with Table 4. 
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12 BLOOMING VALUE 

12.1 Overview 

This clause deals with the determination of the blooming value of a focal spot showing the 
dependence of the star pattern resolution limit upon X-ray tube load. 

If a type-related blooming value is established for a focal spot of a type of X-ray tube 
assembly, compliance with this standard of the blooming value for an individual X-ray tube 
assembly shall be evaluated in accordance with 12.3.1 based upon values established in 
accordance with 12.3. 

12.2 Determination of the blooming value 

The blooming value shall be determined using pairs of star pattern resolution limits 
established in accordance with Clause 1 1 , however based upon focal spot star radiograms 
obtained with constant loading factors in accordance with Table 2 and Table 6 under 
otherwise the same operating conditions. 

Table 6 - Loading factors for thie determination of thie blooming value 





NOMINAL X-RAY 
TUBE VOLTAGE 

kV 


Required X-ray tube 

VOLTAGE 


Exposure time 


Required X-ray 

TUBE CURRENT 


RADIOGRAPHY 

Other than 

COMPUTED 
TOMOGRAPHY 


U<15 


Nominal X-ray tube 

VOLTAGE 


As required to meet the 
optical density 
requirement, see 6.3.3 


100 % of the 
nominal anode 
INPUT power as 
specified by 
lEC 60613 


75<U< 150 


75 kV 


150 < U< 200 


50 % of the NOMINAL 

X-ray TUBE voltage 


Computed tomography 


120 kV 



The blooming value, 6, results from the following formula: 



where 



^ ~ ^50 / ^100 



R50 is the STAR PATTERN RESOLUTION LIMIT under operating conditions in accordance with 

Table 2; 

R-\QQ is the STAR PATTERN RESOLUTION LIMIT under operating conditions in accordance with 
Table 6. 

12.3 Evaluation and statement of compliance 

12.3.1 Evaluation of compliance 

If, for a FOCAL SPOT of an X-ray tube assembly, the blooming value is specified, each value 
determined in accordance with 12.3.2 shall be smaller than or equal to the specified value. 

12.3.2 Statement of compliance 

If compliance with this standard for a specified blooming value is to be stated, this shall be 
indicated as follows: 
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Blooming value ... s) in accordance with lEC 60336 ^) 

and as appropriate: Subclause 

REFERENCE AXIS 4.3 

LOADING FACTORS 12.2 

Special arrangements 6.2.5 

Description of tine longitudinal axis of the X-ray tube assembly 4.2 

13 Alternate measurement methods 

It is understood that manufacturers of x-ray tube assemblies claiming compliance with this 
standard may employ measurement techniques other than those specified in this standard. 
This is permissible so long as these measurement techniques are correlated by the 
MANUFACTURER to the Standard measurement techniques and can be demonstrated to be 
equivalent. 

The use of these measurement techniques shall yield the same results as those produced by 
the standard measurement techniques specified in this standard in order to claim compliance 
with this standard. 



°' Numerical value 

^' A reference to the second or third edition of lEC 60336 is technically equivalent to and in compliance with this 
fourth edition. 
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Annex A 

(informative) 

Alignment to the reference axis 



Figure A.1 gives an overview of tine different axes and directions for a focal spot 
measurement. 



Longitudinal axis of the 

X-RAY TUBE ASSEMBLY 




^-^ 



Direction of evaluation for the 
FOCAL SPOT length 



m + n 



Image reception plane 



Direction of evaluation for the 
FOCAL SPOT width 



Reference axis 



Figure A.1 - The reference axis and directions of evaluation 

The vaiues of tine cinaracteristics of a focal spot, obtained by measurement and 
determination in accordance witin tine present standard, are dependent upon a number of 
factors winicin are difficult to avoid or to compensate for witinout expensive test instrumentation 
and test procedures winicin can be expected in purpose-equipped test laboratories only. One 
of these factors is the geometric alignment of the imaging diaphragm to the centre of the 
EFFECTIVE FOCAL SPOT (see Note). 
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Without proper alignment of the focal spot camera to the reference axis in accordance with 
5.3, any result obtained for the characteristics of a focal spot shall be considered qualitative 
only. The exact position of the reference axis is not a characteristic of the type but of the 
individual x-ray-tube assembly, also the position of the reference axis changes due to 
thermal effects normally more than the tolerance stated in 5.3.1. 









=1 


5° - 
0° 


ACTi lAi FDCAi "^POT fnr thp 








cathode 


statement according to 
lEC 60336 








/ 




m^- 

. -- ^ 0° 


tm/\ 
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^M 


-5°- 




' --.. 
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Figure A.2 - Projection of tfie actual focal spot on thie image reception plane 

note Shape and dimensions of the focal spot over the radiation field depend strongly on the direction of the 
projection of the focal spot; see Figure A.2. Statements in accordance with this standard refer only to the 
projection in reference direction (marked focal spot in Figure A.2). A graphical representation is shown in 
Figure A.2. 
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Annex B 

(informative) 

Application of digital X-ray image detectors 
for determination of the focal spot characteristics 



The standard method for determination of focal spot characteristics uses radiographic film. 
However, the use of digital X-ray imaging detectors is providing manufacturers with many 
production measurement advantages for the determination of the focal spot size, provided 
these measurement resuits can be shown to be equivalent to the standard measurement 
results using radiographic film. While radiographic film remains the standard method of 
imaging, this annex serves to provide guidance and a degree of uniformity to digital imaging 
methods used for focal spot measurements. 

The availability of large-area digital X-ray imaging detectors enables direct measurement of 
the FOCAL SPOT characteristics. Such detectors have many inherent advantages over film 
including: greater X-ray sensitivity; linear response to X-ray exposure; no inaccuracies due to 
film scanning; no chemical process sensitivity; and no production of chemical or hazardous 
waste. 

Any digital imaging system shall return values consistent with the standard film-based method 
under equivalent exposure conditions. "Consistent" is defined here as a linear regression 
between digital and film-based measurements where the slope differs from 1 by less 
than 5 % and any offset is less than the gage repeatability and reproducibility of the film- 
based measurement system. 

Additionally, the digital imaging system should: 

- employ all techniques and methods of this standard with the exception of the use of 

RADIOGRAPHIC FILM; 

- have a signal-to-noise ratio of 20 or greater; 

- have sufficient dynamic range such that the imaging system is not saturated during the 
exposure. 
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Annex C 

(informative) 

Historical background 



C.1 Introduction 

The purpose of this annex is to describe the history behind the standard as it is today and, 
hopefully, to clarify the reasons behind some difficult parts. 

C.2 The first edition (1970) 

The first edition was called Measurement of the dimensions of focal spots of diagnostic X- 
RAY TUBES using a pinhole camera, and was based on earlier ICRU recommendations [3], 
[4] ''°) and on national standards [5]. This first edition only described the pinhole 
measurements for determining the dimensions of focal spots. A magnifying glass with a 
magnification of 10 was to be used for direct film reading, as well as a 0,7 multiplying factor 
for the length. 

C.3 The second edition (1982) 

It was renamed Characteristics of focal spots in diagnostic X-ray tube assemblies for 
medical use. It added the slit method, basically because the determination of the dimensions 
of a FOCAL SPOT based on focal spot pinhole radiograms becomes difficult for nominal 
FOCAL SPOT VALUES smaller than 0,3, as the results are affected by factors, such as 
transmission through the shielding of the diaphragm and the need for repeated Irradiation of 
the RADIOGRAPHIC FILM due to tube-LOADiNG considerations. The new method was applied over 
the entire range of usual nominal focal spot values. The method avoided former 
uncertainties in determining the dimensions of focal spots and gave valuable results even in 
cases of distorted focal spots. Furthermore, determination of the imaging properties of the 
FOCAL SPOT in the form of a pair of one-dimensional modulation transfer functions was also 
introduced. 

Thus, the pinhole method was only used for showing the distribution and orientation of the 
FOCAL SPOT characteristics, and the slit method was to be used for determining the nominal 
FOCAL SPOT VALUES and the MTF. 

In addition, a third method was described for use in the field (focal spot star radiograms). 
The production of focal spot star radiograms had been standardized because of their 
usefulness in making a simple assessment of the imaging properties of a system under field 
conditions by establishing the star pattern resolution limit under those conditions 
(assuming the focal spot has such a characteristic). 

The added nominal values (0,1; 0,15 and 0,2) did not use the factor of 0,7; see C.5. 

C.4 The third edition (1993) 

It was again renamed, to X-ray tube assemblies for medical diagnosis - Characteristics of 
FOCAL SPOTS. No Other changes, except that the support for CT (called special application) 
and the nominal value 0,25 were added. The added special application focal spots did not 
incorporate the 0,7 factor. 



^^) Numbers in square brackets refer to the Bibliography. 
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C.5 The factor 0,7 and the asymmetrical ranges 

Two issues in tine standard inave caused a lot of misunderstanding and discussion: 

- tine multiplying factor of 0,7 for the length; 

- the concept of the nominal value with non-symmetrical ranges (e.g. the nominal focal 
SPOT VALUE 0,8 allows sizes from 0,8 mm to 1,2 mm). 

Both of them have been hard to understand. The only way to explain them is to show the line 
SPREAD FUNCTIONS for some typical focal spots. 



X-ray intensity 



Width 
Length 



Dimensions 



NOTE Length and width have the same shape. 

Figure C.1 - The LSFs for a typical X-ray tube with small focal spot (< 0,3 mm) 



X-ray intensity 




Width 
Length 



Dimensions 



Figure C.2 - The LSFs for a typical X-ray tube with large focal spot (>0,3 mm) 
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As seen, the slope of the edges of the LSFs varies. The natural reading of the size is 
obviously at full width half maximum (FWHM), which is at 50 % of the peak level. But since 
the technology of the 1950s and 1960s only allowed for film reading with a magnifying glass, 
the reading obtained was corresponding to something like 10 % to 20 % on the LSF. Since the 
measured value then, as seen in Figures C.I and C.2, will be larger, this basically explains 
the reason for the ranges not being symmetrical. 



MTF 



Width 
Length 




Spatial frequency 



Figure C.3 - The corresponding IVITFs for the LSFs in Figure C.2 

The typical LSF for the length of a large focal spot shows even more shallow edges, as 
shown in Figure C.2. This can also be seen as the length reading (at 10 % to 20 %) being 
typically 40 % larger than the width reading for a tube where the MTFs are approximately 
equal. 

Thus, to get a nominal value corresponding to the image quality obtained, the 0,7 factor was 
introduced. As seen in Figure C.3, the LSFs in Figure C.2 gives almost identical MTFs up to 
the first minimum, i.e. in practice they give the same image quality. 

NOTE In the more refined RMS method, the width of the square shaped LSF, which gives the same image 
characteristics as any shaped LSF, is calculated. The RMS method may be used in future editions of this standard. 

C.6 The fourth edition 

The main changes in the fourth edition of this standard are: 

a) practical specifications for tolerances, mainly for camera design and camera alignment; 

b) the LINE SPREAD FUNCTION is now used solely as basis for focal spot size determination; 
the density distribution used for determination of length and width is now determined 
using densitometric evaluation, replacing the visual evaluation; 

c) distorted (skewed) focal spots are no longer taken into account; 

d) the range of permissible values corresponding to the nominal focal spot value is 
replaced with a maximum permissible value only; 
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e) allowing other methods of measurement, provided equivalence to this standard is verified; 

Concerning a): In the 3rd edition of this Standard, some tolerances, particularly in the test 
arrangement for the focal spot camera, were unnecessarily narrow, for example the angle 
between the reference axis and the axis of symmetry of the diaphragm was required to be 
within 0,001 rad, while no tolerance was specified for others such as the position of the 
diaphragm with respect to the reference axis. This is now avoided by means of an overall 
tolerance. 

Concerning b): In the past, most manufacturers performed a densitometric analysis of the 
FOCAL spot radiograms when determining the focal spot sizes. This was the same 
procedure, the evaluation of the line spread function, which had to be performed to 
determine the MTF. To this extent, it was reasonable to standardise this procedure and to 
withdraw the method relying on visual evaluation. Hence, determination of both MTF and 
FOCAL SPOT dimensions are now based on measurements from the line spread function 
based on the same focal spot slit radiogram. 

Concerning c): With better fabrication and development methods of X-ray tubes, the 
occurrence of distorted focal spots has been greatly reduced. Additionally, focal spot 
dimension measurements from focal spot slit radiograms are not as sensitive to focal 
SPOT distortion as focal spot pinhole radiograms. Therefore the clause concerning this was 
eliminated. 

Concerning e): There is a large number of measuring equipment in the market, that use for 
example a CCD camera instead of radiographic film in order to determine focal spot 
characteristics. These methods are increasingly used by manufacturers for routine testing 
and Annex B gives recommendations for those cases. Obviously manufacturers also intend 
to use this measuring equipment to determine the focal spot. Provided the test results can 
be verified to be identical to the standardised method using radiographic film this standard 
allows those methods. The same applies to visually evaluated measurements using a 
magnifying glass in the previous editions of this standard. 

This standard does not require the statement of all characteristics as listed in Table C.1. The 
information to be provided with an X-ray tube assembly is the subject of lEC 60601-2-28. 

In the third edition of this standard, the method of characterising the focal spot by means of 
the RMS value was given in a note. This method has not been widely accepted. However, 
following the omission of the mandatory specification of the one dimensional modulation 
transfer function in lEC 60601-2-28 and because of the advancement of digital radiographic 
acquisition systems, the RMS approach could gain in importance. 
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Table C.1 - Methods for evaluation of specific aspects characterising the focal spot 



Information obtained 
by means of 


According 
to Clause 


About 


According 
to Clause 


Used for evaluating 
compliance with 
requirements on 


Pair of FOCAL SPOT slit radiograms 


6 


Dimensions 


8 


Specified nominal focal 

SPOT VALUE 






Imaging properties 


9 


Specified pair of one- 
dimensional modulation 

TRANSFER FUNCTIONS 


FOCAL SPOT PINHOLE RADIOGRAM 


6 


Orientation 










Radiation intensity 
distribution 










Symmetry 






FOCAL SPOT STAR RADIOGRAM ^ 


10 


STAR PATTERN 
RESOLUTION LIMIT 


11 


STAR PATTERN 
RESOLUTION LIMIT 






BLOOMING VALUE 


12 


BLOOMING VALUE 






Modification of 

FOCAL SPOT 

properties over the 
life time 






9 The distribution of radiant intensity over a focal spot does not always provide a point where the modulation 
TRANSFER FUNCTION will reach the spatial frequency axis. In this case, the method by means of a focal spot star 
RADIOGRAM is not applicable. 
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2337 8499, 2337 8561 
2337 8626,2337 9120 



260 3843 
260 9285 



2254 1216,2254 1442 
2254 2519,2254 2315 

2832 9295, 2832 7858 
2832 7891,2832 7892 



Branches : AHMEDABAD. BANGALORE. BHOPAL. BHUBANESHWAR. COIMBATORE. DEHRADUN. 
FARIDABAD. GHAZIABAD. GUWAHATI. HYDERABAD. JAIPUR. KANPUR. LUCKNOW. 
NAGPUR. PARWANOO. PATNA. PUNE. RAJKOT. THIRUVANANTHAPURAM. 
VISAKHAPATNAM. 
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